The effects of strong electrolytes like HCl, NaOH and NaCl on the viscosity of maize oil at various temperatures (298 -323 K) with the difference of 5 K using 1,4 dioxane as solvent were determined. The viscosity of oil was found to be increased with the increasing concentration of oil and decreases with the rise of temperature. The addition of electrolytes decreases the viscosity of oil although very little which shows that the electrolytes increase the distance between oil molecules and cause the enhancement of rate of flow and the increment of temperature drops the rate of flow of the solutions. Furthermore the concentration of electrolytes increases the viscosity of oil solutions. It is due to the presence of unsaturated ingredients present in the oil and thermal effect. The electrolytes behave as structure breaker. The effect of temperature was also determined in terms of fluidity parameters, energy of activation, latent heat of vaporization, molar volume of oil and free energy change of activation for viscous flow. @JASEM
The effect of strong electrolytes on the flowing parameters of sunflower oil has been reported earlier (Khan et al 2005) . The viscosity of sunflower oil was found to be increased with increasing concentrations of the oil and decreased with rising of temperature. It is also observed that the viscosity of oil in 1,4 dioxane gets increased with increment in concentration of electrolyte. But on comparison with electrolytes, the viscosity obtained in the absence of electrolyte reveals that the addition of strong electrolyte reduces the flowing rates of oil. The results are also dealt with Jones-Dole coefficients (A and B). The positive values of B-coefficient get increased with the rise of temperature. This leads to the conclusion that ion-solvent interactions increase and electrolytes such as HCl, NaOH and NaCl behave as structure breaker. Maize is also an important source of edible oil, which is highly consumable oil used in our food preparations and behaves in same way as sunflower does. Palmitic acid, oleic acid and linoleic acid are important ingredients of maize oil. Higher iodine value and the presence of mono, di and triglycerides of unsaturated fatty acids have made the use of maize oil very significant. The theory that poly unsaturated fatty acids of oils are essential to human metabolism and they tend to combat the onset of the thromboses has made oil with high contents of these acids highly recommended as substituents for butter and in diet generally. Some of the better refined quality of maize oil reach a high degree of excellence as regards of tastes, smell and keeping properties of food unchanged find a use of baking. This paper deals with the effect of HCl, NaOH and NaCl on the viscosity of maize oil in 1, 4 dioxane.
EXPERIMENTAL

Material:
Oil of maize was extracted from its dried and dehulled seeds and measured its density at different temperatures as shown in Table 1 . The electrolytes like HCl, NaOH, NaCl, Oxalic acid of E.Merck and 1,4 dioxane (BDH) were used without further purification.
Procedure:
All experiments were carried out according to the procedure given elsewhere (Khan et al 2005) . The viscosity was measured at different temperatures ranging 298-323K with Ostwald viscometer type Techniconominal constant 0.1(Cs/S) capillary ASTMD 445. The average of the measurements of each solution was recorded to ensure the reproducibility of the observations.
RESULTS AND DISCUSSION
Viscosities of oil solutions in the absence and presence of strong electrolytes using 1,4 dioxane as solvent were measured at different temperatures ranging 298-323 K with the help of Ostwald type viscometer. Table 1 includes the viscosities of oil solutions (5-25% v/v) in 1,4 dioxane at different temperatures ranging 298-323 K with a difference of 5 K. These results show that viscosity of maize oil solution increases with increment of concentration whereas decreases with rise in temperature. A representative plot showing the effect of concentration of oil and temperature on viscosities of maize oil solution is shown in Fig.1 . It is a general trend, which was also observed in the viscosities of sunflower solution 1,4 dioxane as solvent (Khan et al 2005 It also contains free acid as oleic acid 1-4% and traces of other acids are also present (Williams et al 1966) . The increase in viscosity at various temperatures in the absence and presence of electrolyte is due to the unsaturation of ingredients present in the oil. Due to thermal effect probably radicals are formed which activate the ingredients of oil resulting the aggregation of the molecules of these acid and hence enhance the viscosity. It may be observed that continuos heating of oil results in the formation of sticky and viscous mass. It is certainly due to the polymerization of unsaturated species. The saturated fatty acids behave as chain transfer agent. All these reasons make the solution viscous. Beside this, the results are also observed in the light of change of pH values. The value of pH in 1,4 dioxane is obtained as 5.15-5.2 and for oil concentration 5% (v/v) in 1,4 dioxane, the pH reduced to 2.8-2.85. The change in pH reveals that the hydrogen ion concentration is increased by dissolving the oil in 1,4 dioxane (Khan et al 2005 , Williams et al 1966 , Adesun et al 1999 . The similar results are also obtained by titrating the oil solutions versus standard NaOH. As more volume of NaOH consumed to titrate the oil solution as compared to 1,4 dioxane. The electrolyte reduces the viscosities and when a strong electrolyte of acidic nature (HCl) is added, it further decreases in concentration of monomers and decrease in intermolecular interaction. By adding strong electrolyte of alkaline nature such as NaOH, it is observed that with the increment in pH the viscosities are reduced as compared to the acidic medium as in alkaline medium, oil molecules form the sodium salt of stearic acid. As a result long chain association is decreasing due to intermolecular interaction (Shama 2004 , Falken et al 1932 , Jones et al 1929 , Robson 1988 , Saeed et al 2002 . The same behavior was also observed in the viscosities of sunflower solution in 1,4 dioxane as solvent. The shape and structure of molecules are generally known to be more viscous than those with small and symmetrical molecules. Since only the hard symmetrical molecules have perfectly elastic collisions, the large and irregular molecules will have less elastic collision amongst themselves. As it is happening in the present case, Maize oil contains the ingredients of different molecular shape and molecular weight. Due to the formation of reactive species as a result of rising in temperature, more large chain of molecules is formed. Thus the collision between large molecules involves the loss of kinetic energy and as a consequence the intermolecular forces dominating the molecules tend to stick together which increases the viscosity of solutions. The intermolecular attractive forces do not permit a free flow of molecules in a liquid and strength of intermolecular forces will be measured the viscosity of a liquid. As we know the greater values of attractive molecular forces formed aggregated and bulky structure in solution resist the flow of liquid and increase the viscosity whereas the repulsive forces break this union of molecules in their simplest units and as a result decrease in viscosity takes place.
The main aim of present study was to find out what happens when an electrolyte is added to dilute solution of maize oil using 1,4 dioxane as solvent. These two types of interactions take place in ion-ion interaction and ion-solvent interactions. These interactions may be explained in terms of Jones-Dole coefficients by using the following relation (Jones et al 1929) :
Here η sp is the specific viscosity, C is the concentration and A and B are Jones-Dole coefficients representing ion-ion and ionsolvent interactions, showing the behavior of electrolyte.
B-coefficient provides information concerning the solvation of ions and their effects on the structure of the solvent (1,4 dioxane) in the vicinity of oil particles. On the other hand A-coefficient tells us about the complete or incomplete dissociation and ion association of electrolytes with maize oil in 1,4 dioxane systems (Salunkhe et al 1992) . The value of A and B-coefficients of Jones-Dole equation may be determined graphically by plotting η sp /√C versus √C. The intercept and the slope of this plot will give respectively the values of A and Bcoefficients, representative plot is shown in Fig. 2 .
The values of A and B-coefficients were determined graphically and shown in . Similar observations were obtained in other electrolytes. This irregular behavior reveals an incomplete dissociation of ion association of electrolytes in 1,4 dioxane. The decrease in the values of A-coefficient with rise in temperature is due to the fact that A-coefficient depends upon the inflexible effect of the space lattice. The effect is greater at lower temperature. It is because the space lattice is less distributed by thermal variation. The increase in negative values may be probably due to the agitation at higher temperature (Robson 1988 , Saeed et al 2002 , Salunkhe at al 1992 , Das et al 1997 . Similar observations were also obtained in sunflower oil in 1,4 dioxane (Khan et al 2005) . ). Similar behavior is also observed in NaOH and NaCl (Table 2 ). The increase of B-coefficient with rise of temperature reveals that electrolytes behave as structure breaker in 1,4 dioxane. The increase of B-coefficient temperature further shows that decrease in viscosity may be due to structure of 1,4 dioxane. Distortion of solvent structure is small which results the positive values of B-coefficient. Similar results are also obtained for the systems of sodium citrate solutions in acidic aqueous methanol (Berry et al 1980) and sunflower in 1,4 dioxane systems with strong electrolytes (Khan et al 2005) . The effect of temperature was also determined in terms of six fluidity parameters, which are obtained from their respective plots using following relations of volume and viscosities (Adesun et al 1999) .
Here k, a, α 1, α 2 , β 1 and β 2 are empirical constants, which are structural parameters. The constant 'k' and 'a' were determined respectively from the intercept and slope of the plot of log η versus log V o . The values of α 1 , β 1 and α 2 , β 2 were obtained respectively from the plots of η / V o versus η and 1/V o versus 1/η. The values of these parameters were summarized in Table 3 . These results show that the values of 'k' and 'a' decrease with rise of temperature. At 298 K the value of 'k' and 'a' were 0.683 and 0.376 respectively, whereas 'β 1 ' values negatively increase with rise in temperature. At 298 K, it was obtained as -0.122 whereas at 323 K, the value increased to -0.155. Both 'α 1 ' and 'β 1 ' are temperature dependent. In the same way the value of 'α 2 ' decreased (0. 439, 0.404, 0.392, 0.379, 0.360 and 0.333) with rise in temperature with a difference of 5 K. On the other hand the values of 'β 2 ' show negatively increase. These values further ensure that 'α 2 ' and 'β 2 ' are structural parameters. In brief the fluidity parameters as discussed above are related to structure . The energy of activation (∆Ε v ), latent heat of vaporization (∆L v ) and molar volume of oil (V m ) were determined graphically. The values of energy of activation (∆Ε v ) and molar volume of oil (V m ) were determined from the slope and intercept of the linear plot of log η versus 1/T respectively. A representative plot is shown in Fig. 3 . The value of slope was used in determining the energy of activation (∆Ε v ) by the following relations (Berry et al 1980 , Atkins 1990 303
whereas the Latent heat of vaporization (L v ) was determined from the expression:
Similarly the molar volume of oil (V m ) was determined from the following relation:
where h, N A and C respectively Planck's constant, Avogadros number and intercept of plot of log η versus 1/T respectively. Table 4 The free energy change of activation (∆G*) for viscous flow was also evaluated by the relation (Nightangle et al 1959):
Here V is the volume of one mole of solution particles calculated by the following expression:
where 'ν' is the number of species into which the solute molecules dissociated and 'n 2 ' is the number of moles of solute per litre of solution. The number of moles of solvent 'n 1 ' per litre of solution is given by:
Here 'M 1 ' and 'M 2 ' are the molecular weight of the solvent and solute respectively, 'd o ' is the density of solvent. The results of free energy change of activation (∆G*) are summarized in Table 5 . 1 + log η It shows that the values of free energy change of activation (∆G*) increase with the increase in concentration of maize oil at fix temperature. Further more rising of temperature enhance the values of free energy change of activation (∆G*) which show that the association of oil molecules with solvent (1,4-dioxane) increases. At high temperature the intermolecular forces weaken between the oil molecules and this reduce molecular cohesion which would led to decrease in viscosity (Adesun et al 1999) and increase in free energy change of activation (∆G*). The experiments are also accomplished in the presence of strong electrolytes such as HCl, NaOH and NaCl, which are summarized in Table 5 . On comparing the results in the absence (Table 5 ) and presence of electrolyte (Table 5 ), the addition of electrolyte increases the value of free energy change of activation (∆G*). In the presence of electrolyte the values of free energy change of activation (∆G*) were increased with rising of temperature whereas increasing concentration of electrolyte, decreases the values of free energy change of activation (∆G*). The values of free energy change of activation (∆G*) control the rate of flow during the fluidity process. Actually the flow process was governed by the ability of molecules to move into the prepared holes and the readiness with which the holes were produced in the liquid. With the increasing concentration of electrolytes at fix concentrations of oil (Table 5 ) and temperatures, the values of free energy change of activation (∆G*) are decreased. Increase in size of molecule makes the movement of molecule slow. Furthermore the high values of free energy change of activation (∆G*) with the rise of temperature indicate that ion-solvent interaction increase with the rise in temperature.
In brief the unsaturation of fatty acid present in maize oil causes the changes of various parameters determined in the presence and absence of strong electrolytes. The behavior of electrolytes on the viscosity of maize oil solution was dealt with Jones Dole equation in terms of ion-ion and ion-solvent interactions and concluded that electrolytes like HCl, NaOH and NaCl behave as structure breaker.
